Background There are limited data regarding the criteria for prophylactic treatment of venous thromboembolism (VTE) after hospital discharge. We sought to identify risk factors of post-hospital discharge VTE events following colorectal surgery. Methods The NSQIP database was utilized to examine patients developed VTE after hospital discharge following colorectal surgery during [2005][2006][2007][2008][2009][2010][2011][2012][2013]. Multivariate analysis using logistic regression was performed to quantify risk factors of VTE after discharge. Results We evaluated a total of 219,477 patients underwent colorectal resections. The overall incidence of VTE was 2.1 % (4556). 33.8 % (1541) of all VTE events occurred after hospital discharge. The length of postoperative hospitalization had a strong association with post-discharge VTE, with the highest risk in patients who were hospitalized for more than 1 week after operation (AOR 9.08, P \ 0.01). Other factors associated with post-discharge VTE included chronic steroid use (AOR 1.81, P \ 0.01), stage 4 colorectal cancer (AOR 1.40, P = 0.03), obesity (AOR 1.37, P \ 0.01), age [70 (AOR 1.21, P = 0.04), and open surgery (AOR 1.36, P \ 0.01). Patients who were hospitalized for more than 1 week after an open colorectal resections had a 12 times higher risk of post-discharge VTE event compared to patients hospitalized less than 4 days after a laparoscopic resection (AOR 12.34, P \ 0.01). Conclusions VTE is uncommon following colorectal resections; however, a significant proportion occurs after patients are discharged from the hospital (33.8 %). The length of postoperative hospitalization appears to have a strong association with post-discharge VTE. High-risk patients may benefit from continued VTE prophylaxis after discharge.
Introduction
Venous thromboembolism (VTE) is a major preventable US health problem and is one of the leading causes of morbidity, mortality, and prolonged hospitalization in surgical patients [1] [2] [3] . It has been estimated that 5-10 % of all in-hospital deaths are a direct result of pulmonary thromboembolic events and 31 % of hospitalized patients are at risk of VTE in the US [3] [4] [5] . It is important to identify high-risk patients to an attempt to decrease morbidity and mortality of such patients.
There are a large number of published studies focusing on prevention of VTE by implementation of in-hospital VTE prophylaxis. Numerous predictors of VTE have been described in the literature. Some of the reported predictors include low serum albumin level, American Society of Anesthesiologists (ASA) score greater than two, pregnancy, malignancy, diabetes, chronic steroid use, and obesity [1, [6] [7] [8] . However, the risk of VTE persists after hospital discharge in all patients [1, [9] [10] [11] . Two recently published studies reported that 30 % of all VTE events occurred after hospital discharge following colorectal surgery [1, 10] . Our previously published article showed that 34.6 % of patients with PE and 29.3 % of patients with DVT after colorectal surgery will be diagnosed after discharge [1] . Extension of VTE prophylaxis to the post-discharge period in high-risk patients has been suggested in previous studies as well as in American Society of Colon and Rectal Surgeons and the American Society of Clinical Oncology guidelines [1, [12] [13] [14] [15] . A previously published article showed a reverse correlation between scores on DVT prophylaxis process measures and the identification of VTE [16] . However, there are limited data regarding patients who continue to be at high risk for developing VTE after hospital discharge following colorectal surgery, and no data in the NSQIP database to elucidate the clinical measures were utilized in this patient population. Therefore, our aim is to report the risk factors for VTE after hospital discharge following colorectal surgery and evaluate the risks by diagnoses and procedure type.
Materials and methods
A retrospective review of the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database was performed to identify patients who underwent colorectal resections during 2005-2013. ACS NSQIP is a nationally validated program that prospectively collects detailed clinical data of surgical patients preoperatively through 30 days after operation in the United States [17] . Approval for the use of the NSQIP patient-level data in this study was obtained from the institutional review board of the University of California, Irvine Medical Center and NSQIP. We sampled all patients who underwent colorectal resections based on the following Current Procedural Terminology (CPT) codes: 44140-44160, 44204-44212, 44227, 44625, 45110-45114, 45119, 45120, 45123-45135, 45397, 45402, 45550, and 45395. Indications of colorectal resections were extracted according to the International Classification of Diseases, 9th Revision, clinical modifications (ICD-9-CM) codes from the NSQIP database (Table 1) . Patients who underwent colorectal surgery without colon or rectal resection and patients younger than 18 years were excluded from this study. Post- indications for surgery, length of stay, and postoperative complications of DVT and PE with the exact day of complications after operation. The rates of postoperative DVT and PE during hospitalization and following hospital discharge were examined. Risk adjusted analysis was performed to identify predictors of post-hospital discharge VTE. Although we had multiple variables in this study and we adjusted the results with multiple conditions, the lack of data on chemo-and mechanical prophylaxis is a major flaw which greatly hampers the ability to draw any firm conclusions.
Statistical analysis
Statistical analyses were conducted using SPSS Ò software, Version 22 (SPSS Inc., Chicago, IL). The main analysis method was multivariate analysis using logistic regression to explore the independent association between perioperative factors and complications of DVT and PE. In order to report risk adjusted data, adjustments were made for all the variables of the study. For each variable, the adjusted odds ratio (AOR) with a 95 % confidence interval was calculated. Statistical significance was set at P \ 0.05.
Results
We identified 219,477 patients who underwent colorectal resections during 2005-2013. The median age of all patients was 62 years, and 114,078 (52 %) were female. The majority of the patients were Caucasian (86.1 %), and the most common comorbidities were hypertension (48.7 %) and diabetes mellitus (14.5 %). Demographic data of patients are reported in Table 2 .
Among all patients who underwent colorectal surgery during this period, 4556 (2.1 %) developed postoperative VTE, of which 1.5 % had DVT and 0.7 % had PE. Median hospitalization lengths in patients with and without VTE were 14 and 6 days, respectively (CI 6.61-7.36, P \ 0.01). The unadjusted mortality rates in patients with and without VTE were 7.9 and 2.7 %, respectively. After adjusting for comorbidities, risk of mortality was higher in patients with VTE (AOR 1.22, CI 1.02-1.46, P = 0.02).
Among VTE events, 1541 (33.8 %) were identified after hospital discharge. Post-hospital discharge DVT and PE were reported in 1067 and 615 patients, respectively. 74.1 % of post-discharge VTE events were diagnosed in the first 2 weeks following discharge. Although the overall rate of diagnosed VTE events decreased from 2.4 % in 2005 to 1.9 % in 2013, there was a steady increase in the percentage diagnosed post-discharge, from 31.6 % in 2005 to 38.3 % in 2013. When examining the post-discharge VTE events, the frequency of DVT identification in the first, second, third, and fourth weeks after operation were 37.6, 30.2, 19.2, and 13 %, respectively. Also, the rates of diagnosed PE in the first, second, third, and fourth weeks after operation were 43, 26.4, 18.1, and 12.5 %, respectively ( Fig. 1) . Patients who were hospitalized for less than 4 days, between 4 and 7 days, and more than 7 days had different rates of postoperative VTE (Fig. 2) . During the first week after discharge, the rates of diagnosed DVT and PE increased compared to the discharge day (Figs. 2, 3 ). For patients who were hospitalized for fewer than 4 days, the rate of diagnosed VTE was quite low but increased in the first 4 days after hospital discharge (Fig. 2) .
Risk adjusted analysis of factors associated with postdischarge VTE in colorectal surgery is stated in Table 3 and includes factors such as chronic steroid use (AOR 1.81, P \ 0.01), stage 4 colorectal cancer (AOR 1.40, P = 0.03), obesity (AOR 1.37, P \ 0.01), hypoalbuminemia (AOR 1.22, P = 0.03), and age greater than 70 (AOR 1.21, P = 0.04) which all increased the risk of post-discharge VTE. Also, compared to patients who were hospitalized for less than 4 days, patients hospitalized for more than 7 days (AOR 9.08, P \ 0.01) and those hospitalized between four and 7 days (AOR 5.32, P \ 0.01) had significantly higher frequency of post-hospital discharge VTE. Table 4 estimates the increased risk of post-hospital discharge VTE associated with the presence of multiple risk factors after colorectal surgery. For example, patients who underwent open colorectal resections and were hospitalized for more than 7 days with one of the comorbidities, including steroid use, obesity, stage 4 colorectal cancer, or age more than 70 years, had approximately a 14 times greater risk of post-discharge VTE compared to patients who underwent laparoscopic surgery and were hospitalized for less than 4 days without the mentioned comorbid conditions. Finally, Table 5 reports the risk adjusted analysis of VTE by surgical procedure and indication of surgery. Among all colorectal procedures, total colectomy was associated with the highest risk of post-discharge VTE (AOR 1.98, P \ 0.01). Also, among indications of surgery, mesenteric ischemia (AOR 4.55, P = 0.01), and colorectal perforation (AOR 3.18, P = 0.04) were associated with the highest rates of post-discharge VTE. 
Discussion
Postoperative VTE following colorectal resections is associated with a significant increase in mortality and hospitalization length. This study reveals that the rate of VTE after colorectal surgery is about 2.1 %, which is in line with previous reports of 2 % in the literature [1, 10] . Although the reported rate may appear insignificant, it is higher than VTE rates after other non-colorectal procedures, such as cholecystectomy (0.4 %), total hip replacement (0.9 %), total knee replacement (1.7 %), and hysterectomy (0.8 %) [18] . In addition, our study reinforces the importance of using prophylactic methods to decrease the VTE risk after colorectal surgery, as it is associated with significant increase in mortality and length of hospital stay. Post-discharge VTE following colorectal resections are going to be seen more frequently. In terms of trends in the rate of post-discharge VTE over time, we found the rate of diagnosed VTE events following colorectal operations decreased from 2.4 % in 2005 to 1.9 % in 2013 which can be related to better prophylactic treatment of VTE following colorectal operations. However, we found a steady increase in diagnosis of post-discharge VTE events from 31.6 % in 2005 to 38.3 % in 2013. It can be related to the decrease in hospitalization length of patient who underwent colorectal resections with utilization of minimally invasive approaches. Some high-risk patients may benefit from continuing post-discharge VTE prophylactic treatment.
Prophylactic treatment of VTE after hospital discharge may be beneficial, particularly for high-risk patients who underwent colorectal surgery. In our study, 33.8 % of patients with postoperative VTE occurred after discharge. This is in line with prior studies, which report that 30 % of VTE events occurred after discharge following colorectal surgery [1, 7] . Surprisingly, we found a steady increase in the distribution of post-discharge VTE, from 31.6 % in 2005 to 38.3 % in 2013. This study supports previous suggestions in the literature regarding prophylactic treatments of patients who are at high risk of developing VTE upon leaving the hospital [1, 10] . Although a recently published clinical trial was not able to identify any significant risk or benefit of chemoprophylactic treatment of VTE after post-discharge in non-surgical patients [9] , there are limited data with regard to such therapy in surgical patients, and further studies are indicated to compare benefits and disadvantages of post-hospital discharge VTE prophylaxis in colorectal surgery.
Postoperative length of stay can be used to estimate risk of post-discharge VTE after colorectal procedures. Our results show that patients who remained hospitalized after surgery for more than 1 week have nine times greater risk of developing post-hospital discharge VTE compared to patients who were hospitalized for fewer than 4 days. We estimate that patients who underwent open colorectal resections and were hospitalized for more than 1 week after operation with one of the following comorbidities (obesity, chronic steroid use, stage 4 colorectal cancer, age more than 70 years, and hypoalbuminemia) had at least 14 times higher risk of developing post-discharge VTE compared to patients who underwent laparoscopic colorectal resections and were hospitalized for fewer than 4 days after operation without any of the aforementioned comorbid conditions (Table 4) . Although prolonged chemoprophylaxis for up to 4 weeks has been suggested for high-risk patients by the American Society of Clinical Oncology and American Society of Colorectal Surgeons, there are no specific guidelines for the length of VTE prophylaxis after hospital discharge [12, 15] . Considering that our study reports that 74.1 % of post-discharge VTE events happen within 2 weeks of discharge and the highest risk of postdischarge VTE exists in patients who were hospitalized for more than 1 week after operation, we suggest extending post-hospital discharge VTE prophylaxis for at least 2 weeks after discharge in this population, especially in the presence of additional VTE risk factors. However, considering the retrospective nature of this study, further clinical trials are needed to come up with specific guidelines in these high-risk patients, such as timeline of VTE prophylaxis after hospital discharge. Utilization of laparoscopic techniques in colorectal surgery may decrease the rate of post-hospital discharge VTE. None of the introduced predictors of post-hospital discharge VTE in this study are reducible. However, we have found that open surgery was associated with a 36 % higher risk of post-discharge VTE compared to laparoscopic colorectal resections. The lower rate of postoperative VTE following laparoscopic colorectal surgery compared to that of the open procedures has been previously reported [1, 19, 20] . As previously mentioned, critically ill patients who underwent emergent abdominal surgery with mesenteric ischemia and colonic perforation more commonly experience post-discharge VTE (Table 4) ; however, it is difficult to quantify the potential benefits of laparoscopy in these situations. Although the feasibility of laparoscopic surgery in abdominal emergencies has been reported [21] [22] [23] , further studies are required to compare benefits and disadvantages of laparoscopic surgery in abdominal emergencies. In addition, our study results show that some colorectal procedures such as total colectomy have significantly higher rate of post-discharge VTE events compared to less extensive colorectal procedures such as colostomy closure, and these findings are unrelated to the patient's diagnosis (e.g., IBD). Utilization of the minimally invasive approach in total colectomy may decrease the risk of post-hospital discharge VTE in patients who undergo the procedure.
Our study results demonstrate that 90.8 % of VTE events in patients who were hospitalized for fewer than 4 days after surgery occurred after hospital discharge (Fig. 3) . Although the overall rate in this low risk population was only 0.5 %, the rate of VTE after discharge in this group was 0.4 %. The high distribution of VTE events after discharge may be explained by the discontinuation of VTE prophylaxis in these patients after they are discharged from the hospital. However, post-hospital discharge VTE prophylaxis may not have any benefit for this low risk patients as the risk of postoperative VTE is very small which is nine times lower than patients who were hospitalized for more than 1 week after operation (0.5 vs. 4.9 %, AOR 9.08, P \ 0.01). Further clinical trials are needed to investigate benefits of post-hospital discharge VTE prophylaxis in patients who were hospitalized for less than 4 days.
Study limitations
This study is a large retrospective review and is subject to selection bias. We utilized ICD-9 and CPT codes to extract the data and coding errors may have been introduced due to the use of discharge data [24] . Due to the restrictions of the database, information regarding the use and method of prophylactic treatment of VTE as well as the duration of prophylactic treatment of VTE was lacking, which may over or underestimate the associations between the examined factors and postoperative VTE occurrences. Also, effectiveness and comparison of different medication and doses in prophylactic treatment of VTE were not possible. Some of the potentially important predictors that are associated with postoperative VTE were not included in this study (i.e., history of prior VTE, estrogen therapy) [6] . The actual time of occurrence of DVT and PE may be earlier than the reported day due to the delay in diagnosis and this may have affected our study results. Although NSQIP provided the variable of the discharge destination, due to missing data (more than 70 % of the study population) we could not evaluate if the risk of post-hospital VTE risk is different between the patients who are discharged to home versus to another facility. Moreover, because this database only tracts information within 30 days of surgery, additional VTE events beyond this time period are not included. Despite these limitations, this study provides a large sample size to report post-hospital discharge VTE following colorectal resection procedures.
Conclusion
Venous thromboembolism is a serious complication and associated with significant mortality and hospitalization length in colorectal patients. Overall, 2.1 % of patients undergoing colorectal resections develop VTE and 33.8 % of VTE events appear to occur after discharge. Over the past years, there was a steady upward trend in the distribution of post-hospital discharge VTE as a percentage of overall VTE rate from 31.6 % in 2005 to 38.3 % in 2013. Risk factors for post-hospital discharge VTE include open surgery, prolonged hospitalization after operation, obesity, hypoalbuminemia, chronic steroid use, age more than 70 years, and stage 4 colorectal cancer. Postoperative hospitalization length is one of the most important factors which can be used to estimate the risk of post-discharger VTE after colorectal surgery. 74.1 % of post-discharge VTE events are recognized within 2 weeks of discharge, and the highest risk of post-discharge VTE exists in patients who are hospitalized for more than 1 week after operation. Although the retrospective nature of this study makes any conclusion difficult, we suggest that patients who remain hospitalized for more than 1 week after surgery and have risk factors for VTE continue prophylactic treatment of VTE at their discharge destination. Currently, there are no published studies evaluating post-hospital VTE occurrences in patients with prolonged hospitalization after operation. Further studies are needed to evaluate potential benefits of post-hospital discharge VTE prophylaxis in patients who were hospitalized for more than 1 week after operation.
